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Fig. 1. Normalized X-ray attenuation in CEmCT after PTA or PMA staining
and Amide I intensity in FTIRI as function of AC depth (normalized).
Fig. 2. Representative CEmCT images (A: PTA staining; B: PMA staining)
and reference FTIR image(C).
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ﬁndings allowing for a more precise assessment. The intra-rater overall
kappa value was 0.72 and overall PABAK value was 0.76.
Conclusion: This study provides evidence that a non-radiologist but
trained reader can correctly classify most cases of radiographic FAI
based on the three three signs evaluated, and can achieve acceptable
intra-rater reliability. The accurate and reproducible detection of
radiographic FAI is a valuable asset to MSK clinicians such as rheuma-
tologists, orthopaedic surgeons, physical therapists and other health
care providers.
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DETERMINING SPATIAL DISTRIBUTION OF COLLAGEN IN ARTICULAR
CARTILAGE BY CONTRAST-ENHANCED mCT
H.J. Nieminen y, T. Ylitalo y,z, S. Kauppinen z, E. Hæggstr€om y,
M. Finnil€a z, S. Saarakkala z. yUniv. of Helsinki, Helsinki, Finland; zUniv. of
Oulu, Oulu, Finland
Purpose: Currently, investigation of collagen distribution within artic-
ular cartilage (AC) is based on staining thin tissue sections with collagen
speciﬁc stains. This qualitative approach requires destructive sample
preparation and is limited to tissue sections instead of volumetric
assessment. Proteoglycan 3D distribution in AC can be determined with
contrast enhanced micro-computed tomography (CEmCT), but detection
of collagen distribution in 3D has not been reported. This study aims to
demonstrate the feasibility of using CEmCT to evaluate collagen dis-
tribution in AC. Phosphotungstic acid (PTA) and phosphomolybdic acid
(PMA) served as collagen markers.
Methods: Osteochondral samples (n ¼ 12, dia ¼ 6 mm) were prepared
from the anterior medial (AM, n ¼ 3), posterior medial (PM, n ¼ 3),
anterior lateral (AL, n ¼ 3) and posterior lateral (PL, n ¼ 3) proximal
phalanxes from fresh joints of three horses. Each sample was cut in
three pieces, ﬁxed in formalin and subjected to Fourier transform
infrared imaging (FTIRI) or CEmCT. Staining took place in 70% EtOH
with 1% w/v PTA or PMA. mCT imaging was done at eight time points
during the process of PTA and PMA staining: 0 h, 18 h, 36 h, 54 h, 72 h,
90 h, 180 h and 270 h. Samples were scanned (80 kV, 300 mA, 658
projections, exposure 1050 ms/frame, 0.5 mm Al ﬁlter þ 0.038 mm Cu
ﬁlter, isotropic 8.71 mm voxel side) with an in-vivo mCT device (Sky-
scan 1176, Bruker microCT). Samples were kept in sealed containers
with moistened cotton balls to prevent drying. The acquired X-ray
images were reconstructed using commercial software and corrected
for beam hardening and ring artifacts. As a reference, FTIRI meas-
urements were conducted on one adjacent tissue section using a
Hyperion 3000 FTIRI Microscope (Bruker Inc., 2  2 binning, 5.4  5.4
mm2 pixel size, 4 cm-1, spectral resolution, and on average 32
acquisitions per pixel). The area under the Amide I peak for each pixel
was used to represent the collagen distribution in AC. The AC depth in
FTIRI and CEmCT proﬁles was interpolated and normalized to max AC
thickness. Following this, the image intensity was horizontally aver-
aged. Subsequently, the image intensity in the stained samples was
correlated against the collagen distribution proﬁles in the FTIRI
images.
Results: The X-ray attenuation in the stained samples increased
from superﬁcial AC towards the tidemark (Figs. 1, 2) as in the FTIR
images. Staining longer than 36 hours increased the X-ray attenu-
ation in superﬁcial AC compared to 36 hours. This effect was
stronger with PMA staining. The highest Pearson correlation com-
pared to the FTIRI collagen proﬁle was observed at 36 hours with
PTA (r ¼ 0.974  0.012, n ¼ 11) and at 18 hours with PMA (r ¼
0.949  0.061, n ¼ 11).
Conclusions: Both CEmCT stains and FTIRI detected increasing col-
lagen concentration as a function of increasing AC depth as well as a
collagen peak at the AC surface. However, excess PMA accumulation
at the AC surface may limit the use of PMA to quantify the collagen
content and spatial distribution. This issue needs further attention.
Contrast agent diffusion is slow in the calciﬁed AC and compact
bone. This means that these contrast agents potentially permit
studying the diffusion of agents in calciﬁed AC. Unfortunately it also
means that quantifying collagen in calciﬁed AC may be time-con-
suming and prone to error. We conclude that PTA distribution in AC
Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489S272is related to collagen distribution and therefore may allow 3D
assessment of collagen distribution in non-calciﬁed AC. In this
experimental setting, full staining was achieved in 36 hours. This is a
ﬁrst step towards 3D quantiﬁcation of collagen distribution with in
vitro AC samples and in small animal joints.
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ACCURACY OF COMPUTED TOMOGRAPHY ARTHROGRAPHY TO
DETECT CARTILAGE DEFECTS IN THE OVINE KNEE
F. Hontoir y, J-F. Nisolle z, V. Simon y, R. Vanderstricht z, M. Tallier z,
N. Kirschvink y, P. Clegg x, J-M. Vandeweerd y. yUniv. of Namur, Namur,
Belgium; zCliniques Univ.ires Montgodinne, Yvoir, Belgium; xUniv. of
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Purpose: Naturally occurring cartilage defects of the knee have been
described in sheep. The objective of the current study was to assess the
accuracy of computed tomography arthrography (CTA) to detect carti-
lage defects in the ovine knee.
Methods: Animals and imaging: Hindlimbs (n ¼ 28) were collected
from crossed Texel ewes euthanatized for reasons other than hind limb
lameness. Knees were injected with 20 ml of diluted contrast medium
(6 ml of Hexabrix diluted in 14 mL saline) through a needle placed in
the femoro-patellar compartment of the knee, and were ﬂexed and
extended 100 times to provide a homogeneous coating of the articular
surfaces. The limbs were examined with an Emotion 6 (Siemens).
Acquisition protocol was: 130 KV, 80 mAs, pitch 0.4 collimation 0.63
mm and rotation time of the tube 0.6s. Images of 0.63 mm were
reconstructed with an increment of 0.3mm. CTA was also performed in
two living sheep (4 hindlimbs) under anaesthesia to test the feasibility
of the technique. The limb was hold in forced-extension. After imaging,
the sheep were euthanized and hindlimbs were collected.
Macroscopic assessment: Knee joints (n ¼ 32) were disarticulated. The
distal articular surface of the femur, proximal articular surface of the
tibia and articular surface of the patella were examined by gross
observation. Macroscopic scoring was performed following OARSI rec-
ommendations: score 0 for intact cartilage surface; score 1 for surface
roughening; score 2 for deeper defects (ﬁbrillation, ﬁssures) not
involving the subchondral bone (SB); score 3 for erosions down to SB
(less than 5 mm diameter); score 4 for large erosions down to SB (more
than 5 mm diameter).
Histological assessment: Samples were harvested from all sites with
macroscopic lesions and from randomly selected macroscopically intact
areas. Samples were processed and stained (Toluidine blue). Cartilage
structure was scored blindly (from 0 to 10) according to OARSI
recommendations.
Analysis of CT scans: Images were analysed blindly by two observers.
One observer repeated the blinded assessment one month later to
determine intra-observer reproducibility. A score of 0 was givenwhen a
sharp line of contrast material was identiﬁed on the cartilage surface,
without substance loss. A score 1 was deﬁned by a loss of the sharp and
smooth contour of the cartilage surface. A score 2 was deﬁned by the
penetration of contrast material within at least the superﬁcial half of
the cartilage thickness but not to the SB. Score of 3 and 4 were attrib-
uted when this penetration reached the SB on respectively less and
more than 5 mm diameter.
Statistics: Spearman’s rank order test was used to assess correlation
between macroscopic and histological scoring. Sensitivity, speciﬁcity,
positive predictive value and negative predictive value were calculated
by using gross anatomy as gold standard. They were assessed only for
the sites where histopathology conﬁrmed the macroscopic classi-
ﬁcation of defects (for example conﬁrmed that a score 2 defect assessed
macroscopically was a partial defect not involving the SB at microscopy,
while a score 3 defect was a full thickness defect). Inter-observer and
intra-observer agreement were assessed by using Kappa statistics.
Results: 106 histological samples were processed. There was sub-
stantial agreement between macroscopic examination and histological
scores for structure (Spearman correlation coefﬁcient 0.75; P 0.000). 83
samples (including 40 score 0, 16 score 1, 25 score 2 and 2 score 3
defects) had their macroscopic scoring conﬁrmed by histology. CTA
sensitivity and speciﬁcity were respectively 86.12% þ/-1.20 and
94.44%þ/-0.56% to detect over-all cartilage defects (no defect versus
defect). The positive and negative predictive values were 94.50%þ/-0.37
and 86.10%þ/-0.89. There was substantial agreement between scores at
macroscopic examination and those at CTA (Spearman correlation
coefﬁcient: 0.84 (observer 1), 0.82 (observer 2-lecture1), 0.83 (observer2-lecture2); P < 0.0001). Inter- and intra-rater agreement was good
(Kappa value: 0.67 and 0.93 respectively). Examples of score 2 and 3
defects are shown in Figure 2. In living subjects, two difﬁculties were
encountered: breathing movements and limb positioning (Fig. 1).
However, all seven score 2 defects present in the living subjects were
accurately identiﬁed while two lesions of score 1 were not seen.
Conclusions: CTA is an acceptable non-invasive imaging technique to
detect naturally occurring cartilage defects in the ovine knee. This
technique can be applied in living animals.
Fig. 1. Imaging of a cadaver knee (left) and a knee in a living animal
(right). In lateral recumbence, despite the forced extension of the limb,
the pelvis remained in the acquisition ﬁeld; this affected the quality of the
image since pelvis, soft tissues and knee attenuated the x-rays before they
reached the detectors.
Fig. 2. Examples of cartilage defects. (A) a score-2 defect on the medial
femoral condyle, (B) a score 3-defect on the axial aspect of the medial
tibial condyle.
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BIOCHEMICAL CARTILAGE PROPERTIES IN A SHEEP MODEL -
VALIDATION OF ZONAL T2 MAPPING ASSESSMENT
G.H. Welsch y, S. Trattnig z, J. Friske z, K. Gelse y, M.L. Pachowsky y. yUniv.
of Erlangen, Erlangen, Germany; zMed. Univ. of Vienna, Vienna, Austria
Purpose: Articular cartilage lesions are a common pathology and
spontaneous repair capacity of hyaline cartilage is limited. Hence there
is a higher risk of developing osteoarthritis (OA) in the injured joint. The
ability to detect this progressive pathology of the joint at an early stage
is important for therapy planning. Surgical procedures like matrix
associated autologous chondrocyte implantation (MACI) or micro-
fracturing (MFX) of cartilage defects are treatment options for cartilage
regeneration. In addition to a high-quality follow-up visualization after
cartilage repair procedures, MRI can help to understand not only the
development of OA but can also evaluate healing steps after cartilage
repair procedures non-invasively. T2mappingwith very high resolution
at 7T might play an important role in understanding the development
of OA and of integration processes after cartilage repair procedures in
the future. Especially the zonal (e.g. differentiation in between a deep
and superﬁcial cartilage layer) has been shown very high potential in
quantitative T2 mapping, nevertheless with still a lack of histological
prrof. The purpose of this study is to determine the zonal characteristics
of articular cartilage (healthy and OA) and cartilage repair tissue of the
femoral condyle in a sheep model, using biochemical MRI by means of
quantitative T2-mapping.
Methods: Three groups of sheep were enrolled in this study. One group
represented healthy cartilage (n ¼ 24), one group represented a model
of osteoarthritis of the femoral condyles (post meniscectomy) (n ¼ 22)
and one group had induced cartilage defects at the femoral condyle
treated by MFX (n ¼ 10). MR scans were achieved at 7T MR whole body
system (Magnetom, Siemens Healthcare, Erlangen, Germany) using a
twenty-eight-channel transmit/receive knee array coil. T2 relaxation
maps were measured with ultra-high resolution sagittal multi-echo
